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suMMARY

A machineisdescribedwhichwillautomaticallymeasureandrecord
100pressuresina rangefrom5 to 65 inchesofmercury,inappro’ti.

.
mately2$minutes,toanaccuracyof0.1inchofmercury.

Themethodusedisto comparetheunlmownpressureswitha scanning
pressurewhosevalueatanyinstantisImmwnindigitalizedform.Sen-
sitivediaphragmsindicatebalancebetweentheunlsnownandthescanning
pressures.Allunknownpressuresarecomparedwiththescanningpres-
suresimultaneouslyandtheinformationis storedtemporarilywithin
themachine.Duringreadout,theinformationisproperlysequenced,
identified,coded,andpunchedintQpapertape,whichistheactual
permanentrecordoftheoutputofthemachine,althoughtypewritten
tabulateddatamayalsobe produced.

Thepunchedpapertapemaybe usedsubsequentlyeithertotabulate
dataortopunchcardsautomaticallyforuseinpunched-cardcalculators.

111’1330DUCTIO~

Aerodynamicresearchconductedinwindtunnels,engineresearch
facilities,conbustors,andcompressorandtwbinerigsattheNACA
reqtiesthemeasurementandrecordingofmorethan70,000pressures
daily.Thesepressuresmustbe usedincalculationsto obtainlifts,
drags, moments,thrusts,flow~tes, andpressureprofiles.

Visualreadingofthetremendousgwiberof,pressures“fromgagesor
manometersduringa testisapracticalimpossibility.Themostwidely
usedequipmentformeasuringtherecordingpressuresattheNACAcon-
sistsofmultiple-ttieglassmanometerswhicharephotographedwitha
cameraon9 by 9 film.Thesefilmsarereadwiththeaidofmagnifying
glasses.Thedesiredfloworforceparsm+ersarethencomputedwith
theaidofdeskcalculators,sliderules,andtables.Thistaskof
reatigfilmandcalculatingres.~ts:“noto@y requires.a@rge @aff of
computers,butalsoimposesan extremelypndes:irab.ledelaybetweenthe
timeoftheexperimentandthecompletionofthecalculations.An
urgentneedthmeforeexistsforautomaticdeviceswhichwillmeasuxe
andrecordpressuresina formsuitabletoautomaticcalculationand
tabulation.

.— .- —.-—.. ..z — . . ..— ._. _—. —.
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Thisreportdescribesequipmentthathasbeendevelopedat the
LewislaboratoryoftheNACAforthispurpose.Someoftheconsidera-
tionswhichledto theselectionofthisparticularsystemare:

(1)Highaccuracyandwiderangearenecessaryformeasurementsin
aerodynamicandpowerplantresearchinstallationatpressurescorre-
spondingto operationataltitudesbetweensealeveland50,000feet.
Readingsaccuratetowithin0.0005ofthefulJ_rangeoftheinstrument
aredesired.

(2)Equipmentassociatedwitheachindividualpressureshouldbe
shpleandinexpensive;themorecomplicatedmeasuringequipmentshould
serve100ormorepressures.Itwasfeltthattheserequirementscould
be metmosteasilythroughdigitalmethods.

(3)Digitalcomputingequipmentofthepunched-cardvarietyis
readilyavailablecpmercially.Thisequipmentcanperfomlongand
complicatedcomputationalroutines,suchasarerequiredincalculating
jetengineperformance.Punched-cardroutinesareeasilyadaptableto
titsreductiontasks.

Thepressuremeasuringandrecordingsystemdescribedhereinis
calledtheDigitalAutomaticMultiplePressme Recorderandisabbre-
viatedDAMPR.Thesystemwasdesignedtomeetthefollowing
specifications:

Nunberofpressures. . . . . . . . . . . . . . . . . . . . . ...100
Maximumpressure,in.Hgabs. . . . . . . . . . . . . . . . . ..65
Minimumpressure,in.Hgabs. . . . . . . . . . . . . . . . . ..5
Leastcount,in.Hg . . . . ... . . . . . . . . . . . . . . ...0.02
Timeformakingmeasurement,sec . . . . . . . . . . . . . . ...10
Timetoreadoutandclearfornextmeasurement,sec . . . . . . . 150

Thedataarerecordedpermanentlyas codedholesina punchedpaper
tape. Thetapealsocontainscodesidentif@ngsourceandtypeofdata,
runnumiber,andnumbersidentif@geadhpressure.Provisionsaremade
forinsertingerrorcodeswhena pressureisknowntobe inerror.The
completerecordingcycleisautomatic.A typewrittenrecordofthe
pressuresalongwithidentificationc= be preparedsimultaneouslywith
thetape.

GENERALPRINCIPLEOF13WIRUMENI!

A simplifiedexplanationoftheprincipleofoperationofthe
instrumentwithreferencetofigwe 1 folLows.

—— .
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TheunknownpressurePx isfedintoonesideofa verysensitive
differentialpressurecapsule,whereitforcesa diaphragmagainstan
electriccontact.A scanningpressurePs whichinitiallyisverynear
a vacuumis fedtotheothersidefrom,a scanningpressuretank.To
recorddata,Ps isincreasedsmootlilyandmonotonicallythroughthe
enttierangeoftheinstrument.Thedifferentialpressurecapsuleis
adjustedsothatwhen Ps~Px thecontactisopen.Thepressurefol-
lowerandpulsegeneratormeasuresPs andsendsoutelectricpulses
markingequalpressureincrements.Infigurel(b)thetotalnunberof
pulsesemittedbythepressurefolMwerandpulsegeneratorhasbeen
in~catedasa functionofthetankpressureP~.

. Theseelectricpulsesme transmittedthroughthecapsulecontact
andcountedwhen Px< Ps. Therefore,thecounkrecordedbythecounter
isa numericalindicationoftheunlmownpressurePx.

As showninfigurel(b),thepulsesarestartedat somearbitrary
lowpressure.Itisthereforenecessarytomeasurea lamwnpressure
~ inorderto determinethepointatwhichthepties arestartedand
to correcttheindividualunknownpressurereadingsby thisamount.

A blockdiagramofthecompletemultichannelinstrumentis shownin
figure2. UnknownpressuresP Pxl~ X2~ PX3 . . .P

%
areconnectedto

theirrespectivedifferentialpressurecapsules.Whenthesepressures-
aretobe measured,airunderpressureisallowedto enterthescanning
pressuretank.Theequalpressureincrementpulsesgeneratedbythe
pressurefollowerandpulsegeneratoraretransmittedthroughthecapsule
contactsandrecordedasa mgneticrecordingonthemagneticdrum. One
capsuleandmagneticrecordingchannelarerequiredforeachpressure
beingmeasured.

Afterthepressurescaniscomplete,theinformationisreadby
speec&gupthedrumrotationandconnectingtherecordingheads,oneat
a time,sequentiallyto an electroniccounter.Channelidentification
andcomputationcodesareblendedwiththeresultingcodedcount,and
theentirepieceofinformationispunchedintoa papertape.Thistape
servesasthepermanentrecordoutputofthemachine.

Themachineisentirelyautomaticinoperationwithautcmatic
andsignalsincaseofmalfunctions.Symbolsarepunchedintothe
ifa readingwhichisin errorbec&seof instrumenttroubleisto
disregarded.

alarms
tape
be

.
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SYSTEMcoMPoms

Fressurefollowerandpulsegenerator.- Becausethereqtiements
oframge,accuracy,andspeedofresponseimposedonthisinstrumentare
noteasilymet,a somewhatcmpld.catedmechanismhasresulted.The
instrumentisessentiallya forcebalance;itisshownschematicallyin
figure3.,Itsoperationmaybe explained.by applyinga stepincreasein
pressureattheinletandfollowingtheactionthroughtheinstrument.
ThebellowsshownatA provi&esa flexibleLinkofknownareabetween
thepressuretankandthepressurefollower.Theunbalancedforcecaused
by theincreaseintankpressmecausesthebellowsandthedoublecan-
tileverspringB tobe deflectedupward.Thedeflectionisdetectedby
a position-sensingelementC,whichis sensitiveto a displacementof
approximately0.00001inch(10microinches).Thesignalfromthe
position-sensingdeviceis suitablyamplifiedby theservoamplifierD,
theoutputofwhichisusedtoruna servomotwE whichturnsa lead
screwthrougha geartrain.A nutT ontheleadscrewmovesthebaseof
thespringG by meansofthepantogaphlinkageuntilthespr.~applies
a forceequalandoppositetothepressureforce.

Thebellowsandpositiondetectorarethenrestoredto theirnormal
unreflectedpositions,theservoerrorsignalbecomeszero,andthemotor
stops. Thebellowshasan outsidedismeterof I_=&inches,an inside

diameterof 7/8inch,andan effectiveareaof0.94squareinch.This
11-convolutionbellowshasa springrateof52.5poundsperinch.
Althoughthebellowsshowsa nonkinearforceagainstdeflectioncharacter-
istic,ifitisrestoredto itsoriginalunreflected~osition,its
propertiesdonotinfluencethelinearrelationbetweenpressureand
angularpositionoftheleadscrewoftheinstrument.

,
ThespringrateofthedoublecantileverspringB isapproximately

100poundsperinch.Thisparticularconfigurationofdotilecantilever
springwaschosentopreventthebellowsfromundergoingangulardis-
placementwhenpressuresw&e applied.Generousfilletsandconsemative
desiguhavebeenusedtokeepstressesinthespringwellwithinthe
allowablel.lmitsforthehighgradeoftoolsteelused.

ThebassofthespringG isdispl.acedyarallelto thebellowsaxis
by meansofthepantographlinkage.Theactuallinkagehasbeendesigned
tomovethebaseofthespringtowardthebellowsby approximatelythe

. sameamountastheshorteningofthespringwhenitisdeflected.The
lateralmotionoftheheadofthespringis therebyreducedto a few
thousandthsofan inchthroughouttheentirerangeoftheinstrument.
Precisionball.bearings,end-loadedtoreduceplay,wereusedat all
pivotpoints.

—— ——— .—. . ..— .- — -—. .
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In orderthatpressureforcesonthepantographlinkagedonot
causevariablefrictionbetweentheleadscrewandthenut,a balancing
pistonH hasbeenincorporatedto compensateforthepressureforces.
On onesideofthispiston,itwasconvenientto usea constantpressure
tobalancetheweightofthepantographarmsandensurethattheforce
betweentheleadscrewandnutdoesnotreversedirection.Withoutthis
balancingpistontheforceonthenutwouldvaryfromappro~tel.yzero
to 15pounds;withit,a reasonablyconstantforceofa fewouncesis
obtained.

Themotoris coupiedtotheleadscrewthrougha geartratihaving
a ratioofabout9:1. Thefinalgearinthistrainconta~ 180teeth
andisrigidlycoupledtotheleadscrewshaft.Thespringrates,
bellowsarea,leverarmratios,andpitchoftheleadscrewhavebeen
selectedsothata 2°angulardisplacementoftheleadscrewcorresponds
toa 0.01inchofmercurypressurechange.Pulsesrepresenting0.01inch
ofmercurypressureincrementsaregeneratedby allowingthe180teeth
onthedrivinggearto choptheldghtbeamtoa photocell.Thesepulses
areamplifiedandsuppliedto thepressurecapsulesandrecordingheads.

Axialdisplacementsofthebellowsaredetectedbya linearvariable
differentialtransformer.Theprimsryofthistransformerissupplied
witha 6000cyclepersecondvoltage.Tomaintainthefrequencyconstant
withincloselimitsisnotnecessary.Theamplitudeisstabilizedby
meansoffeedbackto’remainconstantwithina fewpercentforallnormal
vacuumt~e deterioration.Stabilizationofthisvoltageisrequired
becauseitentersintotheservolooptransferfunctionsanditis
desirableto operatetheservoatasnearoptimumconditionsaspossible.
ThesignalfromthesecondaryofthedM’ferentialtransformerisa
6000c’yclevoltage,proportionaltothedisplacementofthebellowsfrom
a zeroposition.Positiveandnegativedisplacementsareidentifiedby
a 180°differenceinphaseofthecarriervoltageinthesecondary
windings. Figure4 showsa blockdiagramoftheservosystem.

Theerrorsignalfromthesecondaryofthedifferentialtransformer
isamplMiedinthepreamplifier.Thegatiofthisunitis controlled “
by varyingtheamountoffeedbackwithintheamplifier.Theerrorsignal
ieconvertedto a direct-cmentvoltageinthephasesensitivedetector.
Formaximumreliabilityandsensitivity,itis‘necessarythatthecarrier
voltageoftheerrorsignalbe eitherinphaseor 180°outofphasewith
thereferencesignalfromtheoscillator.Forthisreasona phase
shifterhasbeenincorporatedintheprimaryofthedifferentialtrans-
formerto compensateforphaseshiftintheerrordetectorandpre-
amplifier.Aftersuitablefilteringtoremoveripple,a d-cerrorsignal
iS obtained.Thepolarityoftheerror-voltageindicatesthedirection

. ofdisplacementandthevoltageisproportionaltothedisplacement.The
d-cerrorsignalisnextsentthrougha resistance-capacitancefilter
whichintroducesphaseleadto compensateforthephaselagsintroduced

-——- — —.————.—— -—... —
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by theservomotor,mechanicalresonanceinthespring,andsoforth.
Afterthisderivativecontrolhasbeenaddedtotheerrorsignal,it is
choppedby a 60cyclepersecondsynchronouschopper,amplified,and
suppliedto thecontrolphaseofa 5-watt,2-phase,servomotor.The
phaseofthevoltageoperatingthechopperisadjustedsothatthecon-
trolphasevoltageisdisplaced90°fromthereferencephasevoltage.

A staticcalibrationoftheinstrumentwasobtainedby loadingthe
bellowstitha steadypressureandnotingtheleadscrewposition.The
read3ngsthusobtainedwerecomparedwiththepressurereadingsfroma
V=Y cleanmercurymanometerwhichwasalsoconnectedtothesystem.
Thesedataareplottedinfigure5. Thedifferencebetweenthetwo
readingshasbeenplottedasP-K6,where P isthepressurereadby the
mercurymanometer,~ istheleadscrewposition,and K isan experi-
mentallydeterminedproportionality’constant.Thiscurveshowsa devia-
tionfromIJmarityofappro-tely 0.10percentoffdl scale.The
scatterinthedataissomewhatlessthanthis.Figure5 doesnotgive
a completepicture,however.Duringthedatarecordingperiod,the
pressureisrisingrathersmoothlyattherateofapproximately7 inches
ofmercurypersecond.Theleadscrewpositionlagsbehindtheactual
pressureduringa scanningrun. Whenthescanisstarted,theservomotor
acceleratesfromzerotoa steady-statespeedofapproximately2400rpm.
Duringthisstartingperiod,theservoundergoesa startingtransient.
Aftertheservosystemhasattaineda steady-statecondition,itfollows
approximately0.08inchofmercurybehindtheactualspressure.slight
fluctuationsabotithispositionarepresentbecauseofroughspotson
theleadscrewandunevenfrictionat variousplaces.Thesevariations
infollowingerroramountto lessthan+0.02inchofmercury.

A constantfollowingerrorisnotobjectionableasitintroducesno
errorinthefinalresult.Thessmefollowingerrorisintroducedinto
all@own pressurechannelsandintothereferencepressurechannel.
Sincethereferencepressureis subtractedfromallreadings,thefollowi-
ng errorcancelsout.

Pressurecapsules.- SincetheultimateresolutionoftheDigital
AutomaticMultiplePressureRecorderwassetat 0-01inchofurcury,it
isnecessarythatthedifferentialpressurecapsulebe capableofopening
orclosingan electriccircuitwithinthissame0.01inchofmercury
differentialpressue. Thepressuresensitiveelementofthecapsule
showninfigure6 istheflexiblemetaldiaphragm.Thesediaphragmsare
pressedfrom0.003inchthickberylliumcopper.Berylliumcopperwas
chosen,aftermanymaterialsweretested,becauseof itssmallzerodrift
characteristicsanditsresistancetofatiguewhenproperlyheattreated.
Overa smallrangeof~ferentiaLpressuresthedeflectionofthecenter
ofthediaphrqgisnearlylinearatapproximately0.001inchtravelper
0.01inchofmercurydifferentialpressme.
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Becausethediaphragmcanbe stijectedtoa differentialpressure
whichisequalto or slightlygreaterthanthetotalpressurerangeof
theinstrument,thedeflectionofthediaphragmis limitedinboth
directionsby a pair,ofbakelitebackupplates.TheseplatesLDnitthe
totaldeflectionofthediaphragmtoapproximately0.005inch.The
singleannularcorrugationinthediaphragmhelpstoavoidoverstressing
thediaphragmatpointsofmaximumbendingsndthuspreventsfatigue
failure.Diaphragmsofthistype,mountedintheprescribedmanner,
havebeensubjectedto analternatingpressureofapproximately
50poundspersquareinchfor50,000cycleswithoutfailure.

Toprovideforgoodelectriccontactwithsmallcontactpressures,
specialalloycontactbuttonswereused.Onebuttonis solderedtothe
centerofthediaphragmandthemtingbuttonismountedintheendof
a movablespringloadedprobe.Thisprobeisallowedtomovetoprevent
injmyto thediaphragmwhensubjettedto largepressures.

The&Wferentialadjustmentscrewsetsthepositionofthelimit
bracketwhichinturnlimitsthetravelofthemovableprobe.This
arrangementprovidesanadjustmentforthepositionofthediaphragmat
whichcontactisbrokenandtherebycompensatesforsmallnontiorm-
itiesindiaphragmflatness.

Themotionofthediaphragm,duringa pressurescan,causesa
-c pressureincreaseontheunknuwnpressuresideofthecapsule.
Ifthecontactisbrokenat someappreciabletimetiterthediaphragm,
hm st&tedtomove,theinstrumentwillnotrecordthedestiedunknown
pressurebutratheritwillrecordtheexactpressureexistingonthe
unlmownpressuresideofthecapsuleattheinstantthecontactis
broken.Thiseffectwouldnotbe objectionableforitcouldbe cali- .
bratedoutifalldiaphragmswereabsolutelyuniforminflatnessand
allaontactswerebrokenatthesamerelativepositioninthespace
betweenbackupplates.Thisisnotthecase,however;andinorderto
minhizethisdynamicpressurerisedueto diaphrq motion,thevolume
ofthepressurechsnberontheunlmownpressuresideofthecapsulewas
madeabout500timesthevolumedispkcedby thediaphragmmotion.The
volumeontheunknownpressuresideofthecapsulesis 10cubicinches.
Thisvolumeinconjunctionwiththeratherlongtubingrunswithttiing
of smalldiametersometimesresultsinan objectionablyslowresponse
ofthesystemto chmgesofpressureat themodel.Forexample,in
someinstallationsunderadverseconditions,timeconstantsas longas
20 secondshavebeenencountered.Thisvolumeisnecessaryonlyonthe
unlmownyessureside,butwasretainedonbothsidesmerelyto
preservesymnetzy.

. FYessure tads.- Thedifferentialpressurecapsulesaremounted
ona pressuretankas showninfigure7. Thistankwasbuiltto
accommodate100capsules.Tencapsulesarespacedequallyaroundthe

.. -—... .—.—— _____ ___ ___ — -–-—— ..---— — -— —- ——-— .-
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cticumferenceofthetads,andtherearetenrowsalongtheheightof I
\

thetank.Adjacentrowsares~gered to conservespace.
(
(

Theshellofthetankismadeofa U2-inchdiameterstandardsteel
1

pipeabout48incheslong.A flangeisweldedtoeachendofthepipe
andcoverplatesareboltedtotheseflanges.

The variable-&eaorifice,shownatthebottomofthetankycontrols ‘
therateatwhichairisallowedtoenterthetank.To ach3.evea nearly %,
Wear riseinpressurewitht5me,theflowofaiTthroughthethroatof %’
thisorificeismaintainedat sonicvelocity.

To ensurea udformpressuredistributionovertheenttieinside
surfaceofthetank,theairvelocityisreducedfromsonicspeedat

,,

theorificeto ap@oximately-zeroatthesurfaceofthetszik.This
velocityreductionisaccomplishedby a seriesofexpansionsanddirec-
tionchs&es. Theticomingairisdirectedupthroughthecenterpipe .
andisadmittedtothebafflechanberthroughthetwoopenendsofa
pipecross.Theafileavesthischaiberthroughequalareaopeningsat
thetopandbottomofthecylinder.Finallytheairisdiffused
alternatelythroughthreelayersof120meshscreenandfourlayersof
l/4-inchmeshscreenb thediffuser.

TheprimerequisiteofthetsdsisthatitClelivmthesamepres-
suretoallclifferentialpressurecapsulesat alltimesduringa pres-
surescan.”Thiswascheckedby measuringthedifferentialpressure
witha watermanometerbetweenvariouscapsulepositionsonthetank
duringa pressurescan,andno variationinpressmeswasobserved.

Thepressurecycleofthetankiscontrolledasshowninfigure8.‘
Whentheelectricallyoperated4-wayvalveA isnotenergized,the
pressure-operatedyalveB is closedandthepressure-operatedvalveC
is open,permitt~ a vacuumpumpto exhaustthetank.Afterthetink
hasbeenevacuatedandthecommndto initiatethepressurescanhas
beengiven,A isenergized.ThisclosesC andopensB. Airfromthe
125poundspersquareinchserviceairme isallowedto enterthetank
ata ratecontrolledby thevariable-areaorificeO untilthemsdmum
pressure(approximately35 lb/sqh. absolute)isreached.At this
instantA isdeenergizedby a llmitswitchonthepressurefollower
restoringvalvesB andC totheir5m3.tialstatesandallowingthetank
tobe exhaustedinpreparationfm thenextpressurescan.Shownalso
isa pnemiaticall.yoperatedsafetyvalvewhichpreventsabnormallyhigh ,

tankpresstiesh-caseoflimitswitchfailure. I

Magneticmemory.- Themagneticmemoryis capableofrecordingthe
100trainsofpulses’arrivingsimultaneouslyfrmnthecapsules.Each (
traincontainsupto 4000pubes andItsdurationisupto10 seconds.

———. —- ———.—. .
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Thesepulsesarriveata maximumrateofabout550persecond.The
recorderisalsocapableofplayingeachofthesetrainsbackintoa

9

counterwithoutlosinganycounts.Playbackisat
recordingto cutdownthetimerequiredbeforethe
torecordthenextgroupofpressures.

Themagneticrecordingisonthesurfaceofa
Theoutsidediameterofthisdrum’is12inchesand
forrecordingisapproximately4 incheswide. The
drumwasplatedwitha magneticrecordingalloy.

Signalsarerecordedaround85percentofthe

a higherspeedthan
instrumentisready

platedbrassdrum.
thesurfaceavailsble
outersurfaceofthe

circumferenceofthe
drum.Theremaining15percentisr&ervedforswitchingbetween
channels,readingtheelectroniccounters,andsoforth.Theseopera-
tionsaresynchronizedby meansof switchesoperatedbya camwhichis
magneticallylockedtotheshaftofthedrumwhentherecordingcycle
starts.

Thedrumisprovidedwitha 2-speedti-ive.Thelow-speedhive
takesabout12secondsperrevolutionandisusedduringthescanning
cyclewhendataarebeingrecorded.As soonasthedatahavebeen
recorded,thedrumisautomaticallyspeededupto a~roximately43rpm
fortheplaybackandcountingoperation.Onhigh-speeddrive,thelow-
speeddrivemechanismisd@connectedby meansofan overrunningclutch.
On low-speeddrive,thehigh-speedmechanismisdriventhroughits
gearing.

Therecordingheadsusedhave2 laminationsof0.017-inchmaterial,
andtheairgapis0.001inch.Thewindingis900turnsofAWG40tie
oneachleg,ora totalof1800tmns.

Sincevariationsinheadto drumspachghavea largeeffectonthe
amplitudeoftheoutputvoltageofthemagneticheads,a closetolerance
onconcentricityisimposedby theneedfora nearlyconstantrecording
headto drumspacingeventhoughtheheadsarespacedlessthan0.001inch
fromthesurface.To achievethis,theoutersurfaceofthedrumhas
beenmadetorunconcentricwithinabout0.0001inch.An averagepuJ_ae
spacingofthesignalrecordedon thehum of 150pulsesperinchhas
beenchosen.Thisprovidesa usablesignalevenfortheworstspeed
fluctuatio~”ofthepressurefollowerservo.”Themagneticrecording
headsaremountedon21barswith5 headsperbar. Thespacingbetween
headsoneachbaris0.750inch.Eachbarisdisplaced0.035inchside-
wisefromtheprecedingbarsothattheheadsarestaggeredaroundthe
drum. ,.

...--.,
Duringthepressurescanthemagneticrecordingheadsareconnected

throughthecapsulecontactstothepulse,generator.Pulsesofa~rox-
i.mately0.7volthavebeenfoundmost”$at~sfactoryforthisrecording.....~.

—— . .— .——.— .._ ____ _. _ .—.— —= .-—
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Afterrecordingiscompletedtheheadsaresequentiallyswitchedtothe
playbackampMfier.Thegainofthisamp13fieris stabilizedby means
offeedback,andinaddition,electricfiltershavebeenincorporated
to compensateforthedecreasedresponseofthemgneticrecordingat
higherfrequencies.Theoutputfromtheamplifierisfedsimultaneously
to threepulseshaperswhich,inturn,operatethreeseparateelectronic
counters.Thepulseshapersprovidea ptie output,suitablyshapedto
operatethecounters,foreachinputsignalgreaterthana preset
thresholdvalue.Forsignalssmallerthanthisthresholdvalue,no
outputis obtained.Thesedesignandadjustmentspecificationsallow
considerablemarginfordeteriorationandaging.

counters. - Thecountersjustmentionedrecordthenunberofpulses
inthebinarycodeddecimalform.Thecodedcountisthentransferred
to a relayregisterwhereitischeckedagainstthecountintheelec-
troniccounters.Ifthethreeelectroniccountersallagreeandifthe
transferWs beenmadecorrectly,thecountersareresetto zeroandthe
equipmentproceedsautomaticallytoprtitandpunch,fromtherelay
register,thechanneljustcountedandto countthenextchannel.If
oneofthecountersdisagreeswiththecounttransferredtotherelay
register,theequipmentprintsthevalueonwhichthetwocountersagree
andindicatesa malfunctionforthecounterwhichdisagrees.Thismal-
functionisrecordedin oneofthreeelectromechanicalcounters,one
countforeachthe a counterdisagreeswiththecounttransferred.If
twoorthreeofthecountersdis~ee withthecounttransfenedinto
therelayregister,theequipmentautomaticallyrecountsthec@nel on
whichthisdifficultywasencountered.Ifa checkfailurestilloccurs,
analarmisoperatedandtheautomaticreadoutcycleis lockedout
untilitismanuallyreset.Afterresettingfollowinga countercheck
failure,theequipmentcountsthefaultychannelforthethirdtime. If
a countercheckfailurestilloccurs,an errorcodeisinsertedintothe
readingandtheequipmentproceeds.Eachchannelisalsocheckedto see
thatthecountis’greaterthanzeroandlessthan6000.Ifthecount
failsto satisfytheseconditions,itisrechecked;ifit sti13.doesnot
satisfytheconditionsan errorcodeisinsertedintothereading,but
theautomticcycleisnotstopped.Thepunchtngoperationissuspended
whiletherecountingoperationis carriedoutinallcases.

Thedataareprintedandpunchedfromtherelayregister.Channel
identification,pro~anmingcode,errorcode,pressurereading,and
typewritermechanicaloperationcodesarescannedthroughmeansofa
5-level,10-positionsteppingswitchwhichconnectsthecontactsforeach
charact~inturntothepunchselectorpagnetsandtothety_@writer
distributor.Thecodeusedisnotthestandardteletypecode,buthas
beenmo&ifiedtoa newcodingwhichismoreconvenientforusewith
electroniccounters.Figure9 showstheNACA(DAMPR)codeandthestand-
ardteletypecode.The2,3,4,add5 holesoftheNACAnunb= codesare
the1,2, 4,and8 digits,respectively,forthebinarycodeddecimal

5

w

——-. —-— —— —
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representationofthenumber.Thishasbeenfoundto simplifygreatly
thestorageregisterandtranslationproblems.Allthatisnecessaryto
makethetypewriterprintthecodecorrectlyisto intmchsmgetypeheads
inthetypewriter.

Read-outequipment.- Theread-outequipmenttakestheinformation
setupinthecounterregister,addsnumericalandalp~beticalidenti-
fication,addsmechanicalfunctionsynibolsfortypewriteroperation,and
punchesthecompleteinformationgroupor “word”intothepapertape.
Forexample,24C5827(CR)(U?)meansonchannel24thetypeofpressure
isC andthemagnitudeis58.27inchesofmercuryaboveanarbitrary
referencepoint.,ThesymbolsforCR and11wouldnotbe typedoutbut
wouldactuatethe“carriagereturn”and“linefeed”functionsofthe
typewriter.Ifthemachinedeterminedthattherewasan errorora
possibleerrorinthereading,a letterwouldbe insertedinthespace
betweentheletterC andthereading5827. Thisletterindicatesthat
thereadingshouldbe disregarded.

Thenumericalchannelidentificationisputinautomaticallyby tb’
samesteppingswitchwhichtransfersfromonereadingheadtothenext.
Itsetsuprelayregisl%rswiththepropersyuibols.Thealphabetical
identificationis setupmanuallyby meansofa patchpanel.Anyoneof
16codecharactersmaybe patchedintoanychannelor conibinationof
channelsdesired.Themachinethenautomaticallyinsertsthecharacters
associatedwitheachchannelintothetape.

,.

Thetapepunchusediswiredsoastoreceivein!?ormationoverfive
parallelwires,oneforeachholeacrossthetape. Thehigh-speed
steppingswitchpreviouslymentionedmomentarilyconnectsa relayreg-
istertothesefiveties, theinformationistransferred,thepunch
magnetisenergized,andthenthesteppingswitchmovesto thenextreg-
isterwheretheprocessisrepeated.Thesteppingswitchissteppedby
a commutatorwhichrunsat 450stepsperminute.Thisparticularspeed
allowssimultaneoustypewriterandtapepunchoperation.

Controlequipment.- Sincethisinstrumentwasdesignedforcom-
pletelyautomaticoperationaft= push-buttoninitiationanda great
number,ofclifferentoperationsarecarriedout,thecontrolequipmentis
necessarilycomplex.Ratherthandetailthemethodofperformingeach
operation,an outlineofthetypeofoperationcontrolledwillbe’given.

Assumingthatallcomponentsaxereadyandthe“ready”lightison,
thecommandtoreadisreceived.Whilethepressurescanistaking
place,a prelimfnarydatasteppingswitchconnectsmanuallyoperated
switchescontainingsuchinformationasdate,runnwiber,projectnuniber,
andsoforthtothetapepunch.At thesametime,a magneticclutch
locksa controlcamto thedrumwhichisturdngatabout5 rpm. The
pressurerisesinthetankandthepressurefollowerina shorttime

. —. _____ —-—— --z .—— ——.—. —.—.—
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opensa shortingswitchwhichhaspreventedpulsesfromreachingthe
4

magneticC&um.Record3ngcontinuesuntilan upperlimitswitchis
tripyed.Thisswitchreversesthevacuumandpressurevalves,shorts ,,
outthepulsegenerator,switchesmagneticheadsfrom“record”to
“playback,”speedsupthedrum,andaftera shorttimedelaystepsthe
&annelselectorsteppingswitchtothefirstchannel.Thefirstchannel
isa recordofthetotalnumberofpulsesemittedduringthepressure
scan.Thecountistrsmsferredintoa relayregisterandchecked.If
thetransferhasbeenmadecorrectly,theelectroniccounterisresetto o
zeroandthechannelselectorswitchstepstothenextchannelwhichis

m
%

readbytheelectroniccounter.Meanthethehigh-speedstepping
switchis startedandrunsata ratewhichallowsitto &learallrelay
registerswhilethenextchannelis counted.Theseoperationscontinue
automatically,onechannelbeingcountedwhiletheregistersassociated
withthepreviouschannelarebeingcleared.

Ofparticularinterestaretheoperationsthattakeplaceduring
thetransfmperiod,whichoccupiesabout15percentofthetotaldrum
revolutiontime. Inthisperiodthepulseshapersareshutoff,the
countsinthethreecountersarecheckedagahstoneanother,thecount
weed uponistransfemedtothere~y register,theregisterischecked
backagainstthecounter,thecountersarereset,thechannelselector
switchis stepped,andthepulseshapersareturnedbackon.

In thismanner,allchannelsareread.Uponcompletionofthelast
transferofinformationtothetape,theaagneticheadsareswitchedto

.

“er=e”ad currentfroman oscillatorisfedintoalloftheminparal-
lelwhilethedrummakestworevolutions.Theerasingcurrentisthen
turnedoffandthetotalcountchannelisreadto ensurethatallpulses

.

havebeenremoved.If so,themagneticheadsarereturnedtothe
“record”position,thedrumdrivedropsbackto “record”speed,the
channelselectorswitchstepsto “home”position,themagneticclutchis
deenergized,releasingthetimingcamwhichthencontinuesaroundto its
“ready”position,andM allothercomponentsarein “ready”condition
the“ready”lightcomesonanda newcyclemaybe initiatedby the
“start”button.H allpulsesarenotremovedaftertheautomatic
erasingoperation,a signallightcomesonanda manualeraseswitch
mustbe operatedto completethecycle.

Ifallchannelsarenotbeingwed, thepatchboardmaybe so
pluggedthatthechamnelselectorsteppingswitchwillskipoutatmax-
imumspeedwithoutreadingtheunusedchannels.Thisallowsthecycle
the tobe appreciablyshortenedifthecapsulesinuseareconnectedto
thelownunberedchannels.

Completeequipment.- Thecompleterecorderis showninfigure10.
.

OntheleftsideoftheTictureisthepressuretankwiththepressure
capsulesmountedonthesideandthepressurefollowerandpulsegenerator .
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.

moudedonthetop. Adjacenttothetankistheservorackwhichcon-
tainstheamplifiersandpowersupplyfortheservomotorandcontains
alsothepreliminarydatapanelplusmiscellaneouspowersupplies.Next
totheservorackisthemainrackwhichcontainsfromtoptobottomthe
electroniccounterchassis,themastercontrolpanel,themainpower
supply,thepulseshaperandanrplifierchassis,andthemagneticdrum
compsxtment.Onthebackofthisrackaremountedcontrolandswitching
relays.Thetableontherightsideofthepicturecontainsthetape
punchandthetapereader.Theteletypewriterissetonthetable.
Underneathisthetakeupreelforthepunched-paper-tapeoutput.

Overa tenmnth period,severalstaticanddynamiccalibration
checkshavebeenmade.Thestaticcalibrationswereperformedinthe
msauerdescribedwithonlytheaccuracyofthepressureservobeing
checked.Thedynagiccalibrationweremadeby applyingknownpressures
Pm tothepressurecapsulesthroughtubingsimilarto thatusedto
connecttothesystemfordatarecordingop~ation.A normaldata
recordingcyclewasthentaken.Readings~ weretakenfromthe
printedpageandpunchedtapeoutput;thustheoperationcdtheentire
systemwascheckedinthedynamiccalibrationrun. Intherangeof
25 inchesbelowatmosphericpressureto30 inchesaboteatmospheric
pressure,thiscalibrationshowsa linearresponsewithin@.1 inchof
mercury.Intherangebelow25 inchesofmercurybeluwatmospheric
pressure,thecalibrationdepartsfromlinearitysomewhat;at -27inches
ofmercury,whichisthelowestpressuretheequipmentcanmeasure,the
deviationfromlinearityreaches0.2inchofmercuryandisprobably
a resultofthestartingtransientofthesystem.Thiscalibrationcurve
is showninfigure11;ithasnotchangedappreciablysincetheequip-
mentwasfirstputintoservice.Therecordeddatahaveaboutthesame
accuracyas isobtainedfromconventionalmercurymanometersinpractice.

Therateatwhichdatacanbe recordedfromthe8-by 6-footsuper-
sonictunnelwiththisautomaticequipmentisabout30percentslower
thanwithphotographictechniques;however,calculationsonthedataare
completedinabout2 to3 worldnghoursafterthecompletionofa series
oftests.Thisisabouttentimesasfastas isaccomplishedby manual
readingofthefilms,andaboutfourt-s asfastas isaccomplished
%ith semiautomaticfilmreadingtechniques.

lkwisFlightProp-ion Laboratory
NationalAdvisoryCommitteeforAeronautics

Cleveland,Ohio,October20,1952
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